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Description 

The invention relates to a process for mild hydrocracking hydrocarbon oils. More particularly, the In- 
vention relates to a mild hydrocracking catalytic process for treating vacuum gas oils and residuum hy- 
5 drocarbon feedstocks. _ . ^ u. 
In the refining of hydrocarbon oils, it is often desirable to subject the hydrocarbon oil to catalytic hy- 
droprocessing. One such process is hydrocracking, a process wherein, in the typical instance, a gas oil 
or residuum feedstock is passed with hydrogen through a bed of catalyst active for cracking relatively 
high molecular weight compounds to more desirable, relatively low molecular weight compounds of lower 
10 boiling point In addition, because the catalyst has hydrogenation activity, the cracked products are sat- 
urated by hydrogenation while organosuifur and organonitrogen compounds in the feed are converted to 
hydrogen sulfide and ammonia, respectively, both of which are usually removed in gas-iiquid separa- 
tors Thus, the advantage of hydrocracking lies in the conversion of a sulfur-containing and/or nitro- 
gen-containing gas oil feed, boiling, for example, mostly above about 370°C (70Q°F), to a relatively sui- 
15 fur and nitrogen-free product of boiling point below 370°C (700°F), such as gasoline, Jet fuel, diesel fu- 
el, and mixtures thereof. _ ^_ . . , . 

Recently, attention has been directed to "mild hydrocracklng. a The cost of constructing a hydrocrack- 
ing unit operating at high pressures is quite significant and poses a rn^jor economic obstacle to its use. 
Accordingly, interest has developed in converting existing hydroprocessing units, such as hydrotreat- 
20 ing or hydrodesulfurization units, Into hydrocracking units. It is realized, of course, that hydrotre^rtg 
units and the like, especially once-through units, are not normally designed for optimum hydrocracking 
conditions, and specifically, for the high pressures usually employed In commercial hydrocracking, La., 
above 103 bar (1,500 p.s.i.g.). Nevertheless, there is still an advantage if even some hydrocracking can 
be achieved under the low pressure constraints of typical hydrotreating or hydrodesulfurization units, 
25 and the challenge to the art is to discover hydrocracking catalysts having sufficient activity and activi- 
ty maintenance to be commercially useful under such mild hydrocracking conditions, 

Therefore, an aim of the art is to provide a mild hydrocracking catalyst having a high activity, selec- 
tivity and stability. Activity may be determined by comparing the temperature at which various catalysts 
must be utilized under otherwise constant mild hydrocracking conditions with the same feedstock so as 
30 to produce a given percentage (usually between 10 and 50 volume percent) of products boiling at or be- 
low 370°C (700°F). The lower the temperature for a given catalyst, the more active such a catalyst is for 
mild hydrocracking. Alternatively, activity may be determined by comparing the percentages of products 
boiling at or below 370°C (700°F) when various catalysts are utilized under otherwise constant mild hy- 
drocracking conditions with the same feedstock. The higher the percentage of 370°C (700°F)*- minus 
35 product converted from the components In the feedstock boiling above 370°C (700°F) for a given cata- 
lyst, the more active such a catalyst is in relation to a catalyst yielding a lower percentage of 370°C 
(700°F) - minus product Selectively of a mild hydrocracking catalyst may be determined during the fore- 
going described activity test and is measured as that percentage fraction of the 370°C (700°F) - minus 
product boiling In the range of middle distillate or midbarrel products, Le. 150°C-370°C (300«F-70r£F). 
40 Stability is a measure of how well a catalyst maintains its activity over an extended time period when 
treating a given hydrocarbon feedstock under the conditions of the activity test Stability is generally 
measured in terms of the change in temperature required per day to maintain a 40 volume percent or oth- 
er given conversion (usually less than 50 volume percent). 
An example of a catalyst suitable for hydrodesulfurization of hydrocarbon oil under conditions of el©- 
45 vated temperature and pressure is disclosed in EP-A 0 126 250. This catalyst comprises at least one 
Group VIB metal component at least one Group VIII metal component and at least one phosphorus com- 
ponent on a porous refractory oxide support, the catalyst having at least about 75 percent of the total 
pore volume in pores of diameter from about 7 to about 13 nm (70 to about 130 angstroms), less than about 
10 percent of the total pore volume being in pores of diameter greater than about 13 nm (130 angstroms). 
The process in which this catalyst is employed operates at temperatures in the range 260-482°C and hy- 
drogen pressures in the range 0.79-20.79 MPa nfl AX 
An exemplified catalyst contains 20.5 weight percent of moybdenum components (calculated as M0O3) 
3.3 weight percent of cobatt components (calculated as CoO) and 2.8 weight percent of phosphorus com- 
ponents (calculated as P) on a prous gamma alumina support 

The invention provides a mild hydrocracking process that uses a catalyst containing active nickel and 
molybdenum hydrogenation metal components and a phosphorus component supported on an amorphous 
porous refractory oxide wherein the catalyst has a narrow pore size distribution including at least .75 
percent of the total pore volume In pores in diameter from 5 to 13 nm (50 to 130 angstroms) and less than 
10 percent of the pore volume in pores of diameter greater than 11 nm (110 angstroms). PreferaWy, the 
60 catalyst has at least about 60 percent of the pore volume in pores of diameter within 2 nm (20 angstroms) 
above or below a mode pore diameter in the range from 5.5 to 10 nm (55 to 100 angstroms). 

Preferably the mode pore diameter is in the range from 6 to 9 nm (60 to 90 angstroms). In fine process 
of the invention a hydrocarbon feedstock such as a vacuum gas hydrocarbon oO is mildly hydrowacked, 
with simultaneous hydrodesulfurization and hydrodenitrogenation,. by contact with the catalyst under 
65 mild hydrocracking conditions correlated so as to convert from 10 to 50 volume percent of the feedstock 
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fraction boiling above 370°C (700°F) to hydrocarbon products boiling at or below about 370°C (700°F). 
The process conditions preferabiy include a hydrogen partial pressure less than about 103 bar (1,500 
p.s.i.g.). 

Preferred amorphous porous refractory oxides are silica, alumina, silica-alumina, magnesia, silica- 
5 magnesia, zirconia, silica-zirconia, titanla, silica-titania and silica-zirconia-titania 

The most preferred amorphous refractory oxide for use in the invention comprises gamma alumina or a 
similarly active alumina. One of the most important discoveries in the invention is that gamma alumina and 
related materials having a relatively small mode pore diameter and a narrow pore size distribution are 
useful under the relatively unfavorable conditions of mild hydrocracking of gas oils to lower boiling distil- 
10 lates. 

Thus the invention provides a process as defined In the appended claims. 

In preferred embodiments of the process, a catalyst containing an amorphous refractory oxide, such 
as alumina, has an average pore diameter from 5 to 1 1 nm (50 to 1 10 angstroms), preferably 5.5 to 10 nm 
(55 to 100 angstroms), and most preferably 6 to 9 nm (60 to 90 angstroms). The catalyst has a narrow 

15 pore size distribution wherein at least about 50 percent, preferably at least about 65 percent, and more 
preferably at least about 75 percent Is In pores distributed over a narrow range of about 2 nm (20 ang- 
stroms) above to about 2 nm (20 angstroms) below the mode pore diameter as measured by mercury po- 
rosimetry. , 
In the preparation of the catalysts used In the present invention, the pore size distribution of the 

20 amorphous support particles may be similar to that of the final catalyst, but this is not necessary nor crit- 
ical. The amorphous refractory oxide support material is typically comprised of such amorphous inorgan- 
ic refractory oxides as silica, magnesia, silica-magnesia, zirconia, silica-zirconia, titanla, siilca-titania, 
alumina, silica-alumina, eta, with supports containing gamma, theta, delta, and/or eta alumina being highly 
preferred. Preferred support particles having the preferred physical characteristics disclosed herein 

25 are commercially available from Nippon-Ketjen Catalyst Division of AKZO-Chemie, and American Cyan- 
amid, Inc. Mixtures of the foregoing oxides are also contemplated, especially when prepared as homoge- 
neously as possible. 

The amorphous refractory oxide support material is usually prepared in the form of shaped particu- 
lates, with the preferred method being to extrude a precursor of the desired support through a die hav- 

30 ing openings therein of desired size and shape, after which the extruded matter is cut into extrudates of 
desired length. The support particles may also be prepared by mulling (or pulverizing) a precalcined 
amorphous refractory oxide to a particle size less than abgout 100 microns and extruding the material. 

The extruded particles may have any cross-sectional shape, i.e., symmetrical or asymmetrical, but 
most often have a symmetrical cross-sectional shape, preferably a cylindrical or polylobal shape. The 

35 cross-sectional diameter of the particles is usually about 0.64 to about 3.2mm (about 1/40 to about 1/8 
inch), preferably about 0.79 to about 2.1 mm (about 1/32 to about 1/12 inch), and most preferably about 1.1 
to about 1.7mm (about 1/24 to about 1/15 inch). Among the preferred catalyst configurations are cross- 
sectional shapes resembling that of a three-leaf clover, as shown, for example, in Figures 8 and 8A of 
US-A-4 028 227. Preferred clover-shaped particulates are such that each "leaf of the cross-section 

40 is defined by about a 270° arc of a circle having a diameter between about 0.51 and 1 .3mm (0.02 and 0.05 
inch). Other preferred particulates are those having quadrcHobal cross-sectional shapes, including 
asymmetrical shapes, and symmetrical shapes such as In Figure 10 of US-A-4 028 227. Other particu- 
lates are available from Davison Chemical Company, a division of W. R. Grace & Company, having ring 
and minilith shapes, as disclosed in US-A-4 510 261. 

45 Typical characteristics of the amorphous refractory oxide supports utilized herein are a total pore 
volume, mode pore diameter and surface area large enough to provide substantial space and area to de- 
posit the active metal components. The total pore volume of the support, as measured by conventional 
mercury porosimeter methods, is usually about 0.2 to about 2.0 cc7gram, preferably about 0.25 to about 
1.0 cc/gram, and most preferably about 0.3 to about 0.9 cc/gram. Surface area (as measured by the 

50 B.E.T. method) is typically above about 100m 2 /gram, and preferably about ^Srr^/gram to about 
400m2/gram. Physical characteristics of three amorphous refractory oxide supports utilized In prepara- 
tion of catalyst employed In the process of the invention are summarized in Table A as follows: 


55 


60 


65 


3 


EP 0244 106 B1 


TABLE A 

Pore Diameter 

Support X% 

Support Y% 

Support Z% 

(Angstroms) nm 

Pore Volume 

Pore Volume 

Kor© voiume 

(40-50)4-5 



A f\OA 

(<50) <5 

0.8% 



(50-60)5-6 

5-7% 

a no/. 

4.U70 

ID.Uvo 

(60-70) 6-7 

16.4% 

10.W70 

»K>.U7o 

(70-80)73 

29.9% 

61.0% 

28.0% 

(>80)>8 

— 

— 

6.0% 

(80-90)8-9 

24.6% 

13.0% 

- 

(>90) >9 


7.0% 


f90-1 001 9-10 

9.8% 



(100-110)10-11 

6.6% 



(110-120)11-12 

1.6% 



(120-130) 12-13 

0.8% 



(>130)>13 

5.7% 



PORE VOLUME 

0.61 

0.63 

0.58 

cc/gram 




(Mera Poros.) 




MODE PORE 

(-88 A) -8.8 nm 

(~76A) -7.6 nm 

(~67A) -6.7 nm 

DIAMETER 




(Merc. Poros.) 





To prepare the mild hydrocracking catalyst the support material is compounded, as by a single impreg- 
nation or multiple impregnations of a calcined amorphous refractory oxide support particles, with one or 
more precursors of at least one catalytically acive hydrogenation metal component The Impregnation 
may be accomplished by any metho known in the art as for example, by spray Impregnation wherein a so- 

35 lution containing the metal precursors in dissolved form is sprayed onto the support particles. Another 
method is the circulation or multi-dip procedure wherein the support material is repeatedly contacted with 
the impregnating solution with or without intermittent drying. Yet another method Involves soaking the 
support in a large volume of the impregnation solution, and yet one more method is the pore volume or 
pore saturation technique wherein support particles are introduced into an impregnation solution of vol- 

40 ume just sufficient to fill the pores of the support On occasion, the pore saturation technique may be 
modified so as to utilize an impregnation solution having a volume between 1 0 percent less and 1 0 percent 
more than that which will just fill the pores. 

If the active metal precursors are incorporated by impregnation, a subsequent or second calcination, 
as for example at temperatures between 400°C (750°F) and 760°C (1400°F), converts the metals to their 

45 respective oxide forms. In some cases, calcinations may follow each impregnation of individual active 
metals. Such multiple impregnation-calcination procedures, however, may be avoided In alternative em- 
bodiments of the invention, as for example, by comulling all the active metals with the support materials 
rather than impregnating the metals thereon. In comulling, precursors of the support materials usually in 
a hydrated or gei form, are admixed with precursors of the active metal components, either In solid form 

50 or in solution, to produce a paste suitable for shaping by known methods, e.g., pelleting, extrusion, etc. 
A subsequent calcination yields a mild hydrocracking catalyst containing the active metals in their re- 
spective oxide forms. 

When the mild hydrocracking catalyst is prepared by the foregoing or equivalent methods, at least 
one active meal component having hydrogenation activity, typically one or more metal components from 

55 the Group VIB and VIII metals of the Periodic Table of Elements, is introduced into the catalyst Prefera- 
bly, the catalyst contains both a Group VIB and VIII element as hydrogenation metals, with cobalt or nick- 
el and molybdenum or tungsten being the preferred combination of active metals, and nickel and tungsten 
being most preferred. The catalyst contains up to about 10, usually from 1 to 8 percent, and preferably 
from 2 to 6 percent by weight of the Group VIII metal, calculated as the monoxide, and up to about 30, 

so usually from 3 to 28 percent and preferably from 8 to 26 percent by weigth of the Group VIB metal, cal- 
culated as the trioxide. A highly preferred catalyst useful herein contains 17 to 27 weight percent of 
Group VIB metal components, calculated as the trioxide, and from 0.5 to 8 weight percent of Group VIII 
metal components, calculated as the monoxide. (Note: if molybdenum is selected as the active metal, It 
generally is solubilized with phosphoric acid, ammonium hydroxide, citric acid, and the eke, during the 

65 preparation of the catalyst Therefore, molybdenum-containing catalysts will often further contain a 
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phosphorus component on the catalyst, which phosphorus component ^ P^l^^^^f^^Z 
catalyst or act as a catalytic promoter. Typically the catalyst contains 1 to 6 weight percent of phospho- 

"^Tlw^^ miW hydrocracking catalyst will usually vary from those of the sup- 

5 port particles by less than about 25 percent Ordinarily, the mild hydrocracking catetyst is prepared so 
" as to have a narrow pore size distribution wherein at least about 75 percent, preferably at least abnAU 
percent, and most preferably at least about 85 percent of the total pore volume is in P°m * dtamtor 
from 5 to 13 nm (50 to 130 angstroms). Ordinarily the catalyst has less than about 10 percent of the toW 
pore volume in pores of diameter below about 5 nm (50 angstroms) and preferably 
10 cc/gram. Also, the catalyst has less than about 10 percent of the pore volume in pores of diameter great- 
er than about 1 3 nm (1 30 angstroms), preferably less than about 0.05 oc/gram. 

to££^ of the catalyst Is the narrow pore size di stribution of 

greater than the mode pore diameter. The mode pore diameter of the catalyst usually lies in the range 
from 5 to 11 .5 nm (50 to 1 15 angstroms), preferably 5.5 to 10 nm (55 to 100 angstroms), and moste prefera- 
15 biy 6 to 9 nm (60 to 90 angstroms). Ordinarily, at least about 40 percent of the total pore volume is tn 
pores of diameter between the mode pore diameter and less than about 9 nrr. i (90 angstroms), preferaWy 
tess than about 5 nm (50 angstroms), and most preferably less than about 2,5 nm (25 angstroms) above 
the moto pore diameter. With -aspect to small pores, at least about 40 percent of the total pore volume is 
in pores of diameter between the mode pore diameter and less than about 5 nm (50 angstroms), and pref- 
20 erably less than about 2.5 nm (25 angstroms) below the mode pore diameter. 

Generally, the supports and catalysts employed In the process of the Invention have peeper-sloped 
pore size distribution curves than the curves of conventional mild hydrocracking cataJysts. As used 
herein, a steeper slope is a negative slope of greater absolute value than the absolute value of the neg- 
ative slope of a comparative support or catalyst The slope as defined herein, of a ^pore > sfee dtetrtou- 
tion curve, derived, for example, from mercury porosimeter testing techniques, [plotting cumulative pore 
volume (ordinate) vs. pore diameter (logarithmic scale abscissal)], is for a line drawn through a point on 
the curve representing 40 percent of the total pore volume in pores of diameter above the mode pore di- 
ameter and through a point on the curve representing 40 percent of the total pore volume in pores of di- 
ameter below the mode pore diameter. More preferably, the support and catalyst used In the process of 
the invention have steeper slopes than respective conventional supports and catalysts for a line drawn 
through a point on the curve representing the mode pore diameter and through a point on the curve rep- 
resenting 40 percent of the total pore volume in pores of diameter greater than the mode pore diameter. 

Other physical properties of the final mild hydrocracking catalyst typically include a total pore volume 
of 0.20 to 1.0 cc/gram, and preferably 0.20 to 0.60 cc/gram and most preferably 0.25 to 0.5 cc/gram and 
a surface area greater than about 100mz/gram, and preferably between 100 and 250 rnVgram with both 
properties determined by the conventional methods previously disclosed herein. 

One preferred catalyst employed in the invention contains 1 to 6 weight percent of Group VIII metal 
components, calculated as the monoxide, from 17 to 35 weight percent of Group VIB metal components, 
calculated as the trioxide, and 1 to 6 weight percent of phosphorus components, calculated as^ ona P°: 
40 rous refractory oxide support consisting essentially of gamma alumina The most Preferred Group vm 
and Group VIB metals in this embodiment are cobalt and molybdenum, respectively. Physical ^"^r«j: 
tics of this catalyst include a total pore volume of 0.30 to 0.50 cc/gram, a surface area from 125 to 225 

m2/gram and a mode pore diameter from 8 to 11 nm (80 to 110 angstroms). _ 

A highly preferred catalyst employed in the invention contains 2 to 6 weight percent of nickel compo- 
46 nent calculated as NiO, from 17 to 27 weight percent of molybdenum components, calculated as MoOa, 
and 1 to 6 weight percent of phosphorus components, calculated as P. on a support containing gamma alu- 
mina. This catalyst has a surface area from 1 25 mz/gram to 250 mz/gram. a mode pore diameter from 6 to 9 
nm (60 to 90 angstroms), and a pore size distribution wherein at least about 70 percent of the pore vol- 
in Grange from about 2 nm (20 angstroms) above to about 2 nm (20 ang- 

50 stroms) below the mode pore diameter. A . 

Catalysts are activated in accordance with methods suited to a mild hydrocracking process. Most of 
the catalysts used in the mild hydrocracking process of the invention are more actwe, sometrnea leven 
far more active, in a sulfided form than in the oxide form In which they are generally prepared. Accord- 
ingly, the catalyst used herein may be sulfided prior to use by any known method (in which case the pro- 
55 cedure is termed "presuming"), for example, by passing a sulfiding agent over the catalyst preparadin 
SfSdhS torn. Temperatures between 150-C (300-F) and 370'C ; (700-F) and gaseous ^veloci. 
ties between 140 and 500 v/v/hr are generally employed, and this treatment is usuaHy continued forai 
least about two hours. A mixture of hydrogen and one or more components seized ^ group con- 
sisting of sulfur vapor and sulfur compounds (e.g., lower molecular weight thiols, organic sulfides, and 
60 especially H 2 S) Isluhable for presuming. Generally speaking, the relative proportion I of sulfiding com- 
pounds In the presuming mixture is not critical, with any proportion of sulfur i^ £^^ 
15 percent by volume, calculated as S, being adequate. Also, liquid sulfiding agents, such as dimethyl d- 

ift^ * is Preferred that a presuKding p^ure be em- 

65 ployed. However, since mild hydrocracking can be employed to upgrade suflur-containing hydrocarbons 
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(i.e., hydrodesulfurization), one may, as an alternative, accomplish the sulfiding In situ with sulfur-con- 
taining hydrocarbon oils, particuiaryl those containing about 1.0 weight percent or more of suHur, under 
mild hydrocracking conditions. 
The mild hydrocracking catalyst may be employed as either a fixed, slurried or fluidized bed (but most 

5 usually a fixed bed) of particulates in a suitable reactor vessel wherein the hydrocarbon oil to be treated 
is introduced and subjected to mild hydrocracking conditions including an elevated total pressure, tem- 
perature, and hydrogen partial pressure. Under such conditions, the hydrocarbon oil and catayst are 
subjected to a hydrogen partial pressure usually less than 103 bar (1,500 p.s.i.g.) (frequently less than 
about 83 bar (1,200 p.s.i.g.) for vacuum gas oil mild hydrocracking) at a space velocity usually less than 

10 3.0 LHSV so as to effect the desired degree of hydrocracking, desuifurization, and denitrogenation. As 
used herein, "mild hydrocracking 0 requires the conversion of 1 0 to 50 volume percent of the feedstock 
hydrocarbons boiling above about 370°C (700°F) to products boiling at or below 370°C (700°F) from a 
single pass of the feedstock. Preferably, mild hydrocracking conditions are such that at least a 15 vol- 
ume percent coversion is obtained, and usually no more than a 35 volume percent conversion is ob- 

15 tained. 

Contemplated for treatment by the process of the invention are relatively high boiling hydrocarbon- 
containing oils including crude petroleum oils and synthetic crudes. Among the typical oils contemplated 
are top crudes, vacuum and atmospheric residual fractions, fight and heavy atmospheric and vacuum 
distillate oils, deasphatted oils, shale oils, and oils from bituminous sands, coal compositions and the like. 
20 For use herein, typical hydrocarbon oils, or mixtures thereof, contain at least about 50 volume percent 
of components normally boiling above about 370°C (700°F) and in some cases, at least 90 volume per- 
cent Also, useful oils may contain up to about 30 volume percent of components boiling above about 
565°C (1050°F). 

Generally, a substantial proportion (i.e. at least about 90 volume percent) of hydrocarbon feeds such 

25 as gas oils and the like boil at a temperature less than about 595°C (1100°F), preferably less than about 
565°C (1050°F), and usually boil entirely within the range of about 38°C (100°F) to about 595°C (1100°F), 
and most frequently in the range from about 260°C (500°F) to about 595°C (1 100°F). 

Although virtually any high boiling hydrocarbon feedstock may be treated by mild hydrocracking, the 
process is particularly suited to treating (1) gas oils, preferably light and heavy vacuum gas oils and 

30 waxy shale oils, and (2) heavy residual fractions, especially the treated atmospheric and vacuum residu- 
um oils containing less than about 25 ppmw, and preferably less than 5 ppmw of contaminant metals 
(vanadium, nickel, and the like). Sulfur is usually present in such oils in a proportion exceeding 0.1 weight 
percent and often exceeding 1.0 weight percent Frequently, the feedstock contains undesirable propor- 
tions of nitrogen, usually In a concentration greater than about 0.01 weight percent and often between 

35 0.01 and 1.0 weight percent The feedstock may contain waxy components, e.g., n-paraffins and slightly- 
branched paraffins, and thus have a high pour point, e.g., at least about -1 *C (30°F). 

A hydroprocessing reactor useful in the mild hydrocracking process of the invention is either a newly 
constructed, existing or modified existing reactor. Ordinarily an existing reactor that is part of an exist- 
ing hydroprocessing unit, or units, in a refinery is utilized. A preferred reactor is one formerly used for 

40 vacuum gas oil desuifurization. In the mild hydrocracking of such a gas oil, the catalyst is usually main- 
tained as a fixed bed with the feedstock passing downwardly once therethrough, and the reactor Is gen- 
erally operated under conditions within the limits of the existing reactor design. In some instances, mild 
hydrocracking reactors may be added to the existing equipment, either In series or parallel. If the feed- 
stock is unusually high in organonitrdgen and organosulfur compounds, it may be pretreated, integrally 

45 or separately, using a hydrotreating catalyst 

Typical mild hydrocracking conditions that yield more than about 10 volume percent conversion of the 
oil fraction boiling above 370°C (700°F) to liquid products boiling at or below 370°C (700°F) are shown in 
the following Table I: 

50 TABLE I 

Operating Conditions Suitable Range Preferred Rang© 

Temperature, °C 26CM80 315-455 

°F 500-900 600-850 

Hydrogen Pressure, has* 14-103 34-90 

p.sJ.0. 200-1,500 500-1,300 
Space-Velocfty, LHSV 0.05-3.0 0.1-1.5 
Hydrogen Recycle, Rate nAm 3 89-2670 178-17,800 
scf/bbl 500-15,000 1000-10,000 


55 


60 


Generally, the hydrogen partial pressure maintained during hydrocracking Is more than 50 percent of 
55 the total pressure. Usually, for once-through operation, the hydrogen partial pressure is between about 
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85 and 95 percent of the total pressure while, for recycle operation, the hydrogen partial pressure is 
somewhat tower, i.e., between 80 and 85 percent of the total pressure. 

Another preferred reactor utilized in the process of the invention is a hydrodesuifurization reactor 
formerly used for processing a hydrocarbon residuum feedstock. Ordinarily, this reactor is in the latter 

5 stage, or stages, of a multi-stage unit for hydrodesuifurization and/or demetallization of a residuum-con- 
taining feedstock. In the case of mild hydrocracking a residuum feedstock, the hydrogen partial pres- 
sure is usually higher than that during mild hydrocracking a gas oil. In comparison to conventional hy- 
drodesuifurization conditions that yield, from a single pass, a conversion of less than about 10 volume 
percent of liquid hydrocarbon products boiling at or below 370°C (700°F), the operating conditions of the 

10 process of the invention for mild hydrocracking a residuum hydrocarbon typically include an increased 
temperature and/or decreased space velocity, correlated to effect a conversion greater than 10 per- 
cent 

The mild hydrocracking process of the invention may include either serial or simultaneous desutfuriza- 
tion and denitrogenation of a feedstock. Simultaneous desuifurization, denitrogenation and mild hydro- 

15 cracking, as used herein, involves contacting a hydrocarbon oil feedstock with the particulate catalyst 
disclosed herein under conditions effecting (1) a lower sulfur and nitrogen content in the effluent and (2) 
a higher percentage of liquid products boiling at or below 370°C (700°F) in the effluent as compared to 
the feedstock. Serial desuifurization and denitrogenation of a feedstock involves either removing sul- 
fur and nitrogen from the feedstock prior to contact of the mild hydro cracking catalyst disclosed herein 

20 or removing sulfur and nitrogen from the effluent of such a mild hydrocracking process. 

The results obtained in any particular mild hydrocracking process will depend upon the nature of the 
catalyst the nature of the feedstock, and the severity of the operating conditions. It is preferred that at 
least 15 volume percent and, more preferably, at least 20 volume percent of the oil is converted to liquid 
products boiling at or below 370°C (700°F) in a single pass; however, the maximum conversion Is usually 

25 less than 50 volume percent and often less than 45 volume percent It is highly preferred that about 15 to 
about 35 volume percent of the oil is converted, in a single pass, to liquid products boiling at or below 
370-C (700°F), and that at least about 85 volume percent of the 370°C (700°F)-minus fraction contain 
liquid hydrocarbon products boiling in the midbarrel range from about 15Q°C (300°F) to about 370°C 
(700*F). 

30 The invention is further illustrated by the following examples which are illustrative of specific modes 
of practicing the invention and are not intended as limiting the scope of the invention defined by the ap- 
pended claims. 

EXAMPLE I 

35 

Two catalysts are prepared in accordance with the invention. The first catalyst Catalyst A, is pre- 
pared by extruding a gamma alumina-containing material through a die. The extruded matter, having a 
cross-sectional shape of a three leaf clover, is broken into particulates and dried at 500°C (930°F). 
Support particulates, having a nominal 1 .3mm (1/20 inch) cross-sectional width (measured by maximum dis- 
40 tance across two such clover leaves), are then Impregnated with nickel nitrate hexahydrate and ammoni- 
um heptamolybdate dissolved in phosphoric acid so as to incorporate into the catalyst after drying and a 
calcination, about 4 weight percent nickel components, calculated as NiO, about 25 weight percent mo- 
lybdenum components, calculated as MoOa, and about 3 weight percent of phosphorus components, cal- 
culated as P. 

45 The second catalyst, Catalyst B, is prepared in the same manner as Catalyst A. Catalyst B has the 
same weight percentages of nickel, molybdenum and phosphorus components as Catalyst A; however a 
different gamma alumina support is utilized. The porosity characteristics of Catalysts A and B are shown 
in Table II as follows: 
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TABLE II 

Pore Diameter 

Catalyst A % 

Catalyst B% 

(Angstroms) nm 

Pore Volume 

Pore Volume 

(<60)<6 

— 

5.9% 

(60-65) 6-6.5 

— 

4.9% 

(<65) <6.5 

5.7% 




A COL 

(70-80) 7-o 

a a/ 

12.1% 

oa as/ 

(60-90)8-9 

37.1% 

30.3% 

(90-100)9-10 

32.7% 

18.0% 

(100-105)10-10.5 

2.4% 

3.0% 

(>105)>10.5 

6.8% 

11.0% 

POREVOLUME 

0.33 

0.34 ' 

cc/gram 



(MeraPoros.) . 



MODE PORE 

(~87A)~a7nm 

(~83A)~&3nm 

DIAMETER 



(Merc. Poros.) 




25 


Both catalysts are tested for their activity for mild hydrocracking the hydrocarbon feedstock identi- 
fied In the following Table III. 
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TABLE 111 


Feedstock Properties 


Light Arabian Vacuum Gas Oil 


Gravity, °API 


223 


Sulfur, wt% 


2M 


Nitrogen, wt% . 


0.09 


Carbon Residue, D-189, wt% 


0.42 


Pour Point 


+ 35°C(+95°F) 


ASTMD-1160,Vol.% 


Distillation, 


Initial Boiling Point 

IB 

326/370 °C 

(623/700 °F) 


10/20 

392/413 °C 

(737/776 °F) 


30/40 

432/447 °C 

(8107837 °F) 


50/60 

460/481 °C 

(8607898 °F) 


70/80 

498/520 °C 

(928/968 °F) 


90795 

548/569 °C 

(1019/1056 °F) 

End Boiling Point /% rec 


595 °C 

(1103*1=) 


The test is conducted by contacting the catalysts in separate runs with the feedstock Identified In Ta- 
ble III under mild hydrocracking conditions. However, at the outset of each run, the respective cata- 
lysts are presulfided by contact for about 16 to 20 hours with a gas consisting of 90 volume percent Hz 

55 and 10 volume percent H2S flowing at 125 1/min (4.4 SCFM) (one atmosphere pressure). The tempera- 
ture during the presulfiding is initially at room temperature, is increased gradually until 370°C (700°F) Is 
reached, and then lowered to 290°C (550°F), at which time the catalyst is contaced with the feedstock. 

A portion of the feedstock is passed downwardly through a reactor vessel and contacted In separate 
runs with Catalysts A, B and a commercial mild hydrocracking catalyst in a single-stage, single-pass 

60 system with oncethrough hydrogen. The operating conditions during each run are summarized as fol- 
lows: 69 bar (1,000 p.s.i.g.) total pressure, 1.0 LHSV, a hydrogen rate of 534m*/m3 (3,000 SCF/bbl), and 
temperature adjusted to determine the conversions obtainable at 377°C (710°F), 391 °C (735 Q F) and 
402°C (755°F). The sulfur, nitrogen and mild hydrocracking conversions obtained for each catalyst are 
set forth in the following Table W, with it being noted that mild hydrocracking conversion is calculated as 
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the volume percentage of material boiling above 370°C (700°F) converted to material boiling at or below 
370°C (700°F). 

TABLE IV 


Conversion to 370 °C Wt% Sulfur at Temperature WL % ftftrogen at 
(700 °F)- at Temperature m Temperature 


10 


15 


•C 

377 

391 

402 

377 

391 

402 

377 

391 

402 

•F 

710 

735 

755 

710 

735 

755 

710 

735 

755 

Commercial 

18.0 

22.6 

29.6 


0.23 

0.113 

0.040 

0.024 

0.015 

Catalyst 










Catalyst A 

21,9 

31.5 

34.2 

0.044 

0.0056 

0.0032 

0.005 

0,002 

0.001 

Catalyst B 

22.9 

30.3 

38.0 

0.034 

0.009 

0.005 

0.005 

0.002 

0.001 


The data in Table IV dearly indicate that both Catalysts A and B are useful for mild hydrocracking a 
typical gas oil feedstock. In addition, the data obained at 391 *C (735*F) and 402-C (755°F) evidence the 
superiority of the processes using Catalysts A and B over that of the commercial catalyst Based on the 
data In Table IV, the catalyst of the Invention is markedly superior to the commercial catalyst for con- 
verting the feed to 370°C (700°F) - products and in its activity for desuifurization and denitrogenation. 

Although the invention has been described in conjunction with its preferred embodiment and examples, 
many variations, modifications, and alternatives will be apparent to those skilled in the art For example, 
although the foregoing catalysts were described in relation to their particular usefulness for mild hydro- 
cracking, it is clear from the discoveries In the present invention that such catalysts may also be used 
for hydrocracking, either alone or In conjunction with conventional small pore hydrocracking catalysts 
(i.e. catalysts containing zeolitic and/or non-zeolitic molecular sieves having pore sizes having diame- 
ters less than about 2 nm (20 angstroms). Accordingly, It is intended to embrace within the Invention all 
such variations, modifications, and alternatives as fall withing the scope of the appended claims. 


Claims 

35 1. A process for simultaneously hydrodesuHurizing, hydrodenitrogenating and miid hydrocracking a 
hydrocarbon feedstock comprising contacting said feedstock containing nitrogen components, sulfur 
components and feed components boiling above 370 B C (700°F) with a particulate catalyst comprising at 
least one active nickel hydrogenation metal component, at least one active molybdenum hydrogenation 
metal component and at least one phosphorus component on an amorphous porous refractory oxide, said 

40 catalyst having a pore size distribution wherein at least 75 percent of the pore volume is in pores of di- 
ameter in the range from 5 to 1 3 nm (50 angstroms to 1 30 angstroms) and less than 1 0 percent of said pore 
volume is in pores of diameter greater than 11 nm (110 angstroms), under conWons such that said sulfur 
components and said nitrogen components in said feedstock are converted to product components of re- 
duced sulfur and nitrogen content and 10 to 50 volume percent of said feed components boiling above 

45 370°C (700°F) are simultaneously converted to product components boiling at or below 370°C (700°F). 

2. A process according to claim 1, wherein said conditions include a hydrogen partial pressure less 
than about 103 bar (1 ,500 p.s.i.g.). 

3. A process according to claim 1 or 2, wherein said catalyst has a mode pore diameter in the range 
from 5.5 to 10 nm (55 to 100 angstroms). 

50 4. A process according to claim 3, wherein said mode pore diameter is in the range from 6 to 9 nm (60 
to 90 angstroms). 

5. A process according to claim 3 or 4, wherein said catalyst has at least 75 percent of the pore vol- 
ume in pores of diameter from 2 nm (20 angstroms) above the mode pore diameter to 2 nm (20 angstroms) 
below said mode pore diameter. 

6. A process according to any preceding claim, wherein said amorphous porous refractory oxide com- 
prises silica, alumina, silica-alumina, magnesia, silica-magnesia, zirconia, silica-zirconia, titanla, siltea- 
tttania, or silfca-zirconJa-titanla. 

7. A process according to any preceding claim, wherein said conditions yield at least about 20 volume 
percent conversion of said feed components boiling above 370°C (700°F) to product components boiling 

60 at or below 370°C (700°F). _ - ^ ^ 

8. A process according to any preceding claim, wherein said catalyst contains up to 10 weight percent 
of said nickel hydrogenation metal, calculated as NiO. 

. 9. A process according to claim 8, wherein said catalyst contains from 17 to 35 weight percent of said 
molybdenum components, calculated as M0O3 and 2 to 6 weight percent of said nickel components, cal- 
65 culated as NiO. 
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10. A process according to any preceding claim, wherein said catalyst contains up to 30 weight per- 
cent of molybdenum hydrogenation metal component calculated as MoOa. 

11. A process according to any preceding claim, wherein said catalyst contains from 1 to 6 weight per- 
cent of phosphorus components, calculated as P. 

5 12. A process for simultaneously hydrodesulfurizing, hydrodenitrogenating and mild hydrocracking a 
' gas oil or residuum feedstock containing nitrogen components, sulfur components and a substantial pro- 
portion of feed components boiling below about 595°C (1100°F) with at least some of said feed compo- 
nents boiling above 370°C (700°F), under conditions of elevated temperature and a hydrogen partial 
pressure less than about 103 bar (1,500 p.s.i.g.) with a catalyst consisting essentially of from 2 to 6 

10 weight percent of at least one nickel metal hydrogenation component, calculated as NIO, and from 17 to 
27 weight percent of at least one molybdenum metal hydrogenation component, calculated as M0O3 and 
from 1 to 6 weight percent of at least one phosphorus component, calculated as P, on a support compris- 
ing gamma alumina, said catalyst having a pore size distribution wherein the mode pore diameter is in the 
range from 6 to 9 nm (60 to 90 angstroms) and at least about 75 percent of the pore volume Is In pores of 

15 diameter in the range from 5 to 13 nm (50 angstroms to 130 angstroms) and from 2 nm (20 angstroms) 
above the mode pore diameter to 2 nm (20 angstroms) below said mode pore diameter and less than 1 0 per- 
cent of said pore volume is in pores of diameter greater than 11 nm (1 10 angstroms), said conditions being 
such that said sulfur components and said nitrogen components in said feedstock are converted to prod- 
uct components of reduced sulfur and nitrogen content and between 10 and 50 percent by volume of said 

20 feed components boiling above 370°C (700°F) are simultaneously converted to product components boil- 
ing at or less than 370°C (700°F). 

13. A process according to claim 12, wherein between 15 and 35 percent by volume of said feedstock 
components boiling above 370°C (700°F) are converted to product components boiling at or below 370°C 
(700°F). 

25 14. A process according to claim 12 or 13, wherein said conditions yield at least about 20 volume per- 
cent conversion of the feed components boiling above 370°C (700°F) to product components boiling at 
or below 370°C (700*F). 

15. A process according to claim 12, 13 or 14, wherein said catalyst has at least 80 percent of said pore 
volume in pores of diameter from 2 nm (20 angstroms) above the mode pore diameter 2 nm (20 angstroms) 

30 below said mode pore diameter. 

16. A process according to any one of claims 1 2 to 15, wherein said catalyst has less than 15 percent of 
said pore volume in pores of diameter greater than 9 nm (90 angstroms). 

17. A process according to any one of claims 12 to 16, wherein said catalyst has less than 10 percent of 
said pore volume in pores of diameter less than 5 nm (50 angstroms). 

35 

PatentansprQcSne 

1. Verfahren zur simultanen Hydrodesuifurierung, Hydroden'rtrierung und milden Hydrocrackung ei- 
40 ner Kohtenwasserstoffcharge, dadurch gekenhzelchnet, daB besagte Charge, die Stickstoffkomponen- 

ten, Schwefeikomponenten und Chargenkomponenten, die Ober 370 Q C (700°F) sieden, enthalt, mit einem 
teilchenformigen Katalysator in Kontakt gebracht wird, der wenigstens eine aktive NickehHydrierungs- 
metallkomponente, wenigstens eine aktive Molybdan-Hydrierungsmetallkomponente und wenigstens ei- 
ne Phosphorkomponente auf einem amorphen porosen feuerfesten Oxid umfaBt wobei besagter Kataiy- 

45 sator eine Porengr6Benverteilung besltzt, bei der wenigstens 75% des Porenvolumens in Poren elnes 
Durchmessers im Bereich von 5 bis 13 nm (50 Angstrom bis 130 Angstrdm) und weniger als 10% besagten 
Porenvolumens in Poren eines Durchmessers von mehr als 11 nm (110 Angstrdm), liegen, unter solchen 
Bedingungen, daB besagte Schwefeikomponenten und besagte Stickstoffkomponenten in besagter 
Charge zu Produktkomponenten mit verringertem Schwefel- und Stickstoffgehalt umgewandelt werden 

50 und 10 bis 50 Vol.-% besagter Chargenkomponenten, die Ober 370°C (700°F) sieden, gleichzeitig zu Pro- 
duktkomponenten umgewandelt werden, die bei Oder unter 370°C (700°F) sieden. 

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet daB besagte Bedingungen einen Wasser- 
stoffpartialdruck von weniger als etwa 103 bar (1500 p.s.i.g.) einschlieSen. 

3. Verfahren nach Anspruch 1 oder 2, dadurch gekennzeichnet, daB besagter Katalysator einen Mo- 
55 dus-Porendurchmesser im Bereich von 5,5 bis 1 0 nm (55 bis 100 Angstrdm) besitzt 

4. Verfahren nach Anspruch 3, dadurch gekennzeichnet, daB besagter Modus-Porendurchmesser 
im Bereich von 6 bis 9 nm (60 bis 90 Angstrom) liegt 

5. Verfahren nach Anspruch 3 oder 4, dadurch gekennzeichnet, daB besagter Katalysator wenig- 
stens 75% des Porenvolumens in Poren eines Durchmessers von 2 nm (20 Angstr6m) Ober dem Modus- 

60 Porendurchmesser bis 2 nm (20 Angstrom) unter besagtem Modus-Porendurchmesser besitzt 

6. Verfahren nach einem vorangehenden Anspruch, dadurch gekennzeichnet, daB besagtes amor- 
phes pordses feuerfestes Oxid Siliziumdioxid, Aluminiumoxid, Siliziumdioxfd-Alurnlniumoxid, Magnesium- 
oxid, SiliziumdiOxid-Magnesiumdioxid, Zirkoniumdioxid. Siiiziumdioxid-Zirkoniumdioxid, Trtandioxid, 
Siiiziumdioxid-Trtandioxid oder Siliziumdioxid-Zirkoniumdioxid-Titandioxid umfaBt 

65 7. Verfahren nach einem vorangehenden Anspruch, dadurch gekennzeichnet daB besagte Bedingun- 
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gen wenigstens eine etwa 20-Vol.-%-Urnwandlung besagter Chargenkomponenten, die Ober 370°C 
(700°F) sieden, zu Produktkomponenten, die bei oder unter 370°C (700*F) sieden, liefem. 

8. Verfahren nach einem vorangehenden Anspruch, dadurch gekennzeichnet, daB besagter Kataly- 
sator b!s zu 1 0 Gew.-% besagten Nickel-Hydrierungsmetalls, berechnet als NIO, errthait ^ 

9. Verfahren nach Anspruch 8, dadurch gekennzeichnet, daB besagter Katalysator von 17 bis 35 
Gew.-% besagter Molybdankomponenten, berechnet als MoOa, und 2 bis 6 Gew.-% besagter Nickel- 
komponerrten, berechnet als NiO, enthSIt 

10. Verfahren nach elnem vorangehenden Anspruch, dadurch gekennzeichnet, daB besagter Kataly- 
sator bis zu 30 Gew.-% Molybdan-Hydrierungsmetallkomponerrte, berechnet als M0O3, enthSIt 

11. Verfahren nach einem vorangehenden Anspruch, dadurch gekennzeichnet, daB besagter Kataly- 
sator von 1 bis 6 Gew.-% Phosphorkomponenten, berechnet als P, enthSIt 

12. Verfahren zur simultanen Hydrodesulfurierting, Hydrodenitrierung und milden Hydrocrackung ei- 
ner Gasol- oder ROckstandscharge, die Stickstoffkomponenten, Schwefelkomponenten und einen be- 
trachtlichen Anteil an Chargenkomponenten, die unter etwa 595°C (1100°F) sieden, wobel wenigstens el- 
nige besagter Chargenkomponenten Ober 370*C (700°F) sieden, enthSIt, unter Bedingungen erhShter 
Temperatur und eines Wasserstoffpartialdrucks von weniger als etwa 103 bar (1500 p.s.l.g.) mlt einem 
Katalysator, der im wesentlichen aus 2 bis 6 Gew.-% wenigstens einer Nickel-Metallhydrierungskompo- 
nente, berechnet als NiO, und 17 bis 27 Gew.-% wenigstens einer MolybdSn-Metallhydriewngstompo- 
nerrte, berechnet als M0O3, und 1 bis 6 Gew.-% wenigstens einer Phosphorkomponente, berechnet als 
P, auf einem Trager, der r Aiuminiumoxid umfaBt, besteht, wobel besagter Katalysator eine Porengro- 
Benverteilung besitzt, bei der der Modus-Porendurchmesser im Bereich von 6 bis 9 nm (60 bis 90 Ang- 
str6m) liegt und wenigstens etwa 75% des Porenvolmens in Poren eines Durchmessers im Bereich von 5 
bis 13 nm (50 Angstrom bis 130 Angstrom) und von etwa 2 nm (20 Angstrom) Ober dem Modus-Poren- 
durchmesser bis etwa 2 nm (20 Angstrom) unter besagtem Modus-Porendurchmesser liegen und weni- 
ger als 10% besagten Porenvolumens In Poren eines Durchmessers, von mehr als 11 nm (110 AngsMm) 
liegen, wobei besagte Bedingungen derart sind, daB besagte Schwefelkomponenten und besagte Stick- 
stoffkomponenten in besagter Charge zu Produktkomponenten eines verringerten Schwefel- und Stick- 
stoffgehalts umgewandelt werden und zwischen 10 und 50 Vol.-% besagter Chargenkomponenten, die 
Ober 370°C (700°F) sieden, gieichzeitig zu Produktkomponenten, die bei oder bei weniger als 370°C 

30 (700*F) sieden, umgewandelt werden. „ t , . ~ ^ 

13. Verfahren nach Anspruch 12, dadurch gekennzeichnet, daB 15 bis 35 Vol.-% besagter Chargen- 
komponenten, die Ober 370°C (700°F) sieden, zu Produktkomponenten, die bei oder unter 370°C (700°F) 
sieden, umgewandelt werden. ■ 

14. Verfahren nach Anspruch 12 oder 13, dadurch gekennzeichnet, daB besagte Bedingungen wenig- 
35 stens eine etwa 20-Vol.-%Umwandlung der Chargenkomponenten, die Ober 370°C (700°F) sieden, zu 

Produktkomponenten, die bei oder unter 370°C (700°F) sieden, liefern. 

15. Verfahren nach Anspruch 12, 13 oder 14, dadurch gekennzeichnet, daB besagter Katalysator we- 
nigstens 80% besagten Porenvolumens in Poren eines Durchmessers von etwa 2 nm (20 Angstrdm) Ober 
dem Modus-Porendurchmesser bis etwa 2 nm (20 Angstrom) unter besagtem Modus-Porendurchmesser 

40 besitzt. 

16. Verfahren nach einem der AnsprOche 12 bis 15, dadurch gekennzeichnet, daB besagter Katalysa- 
tor weniger als 15% besagten Porenvolumens In Poren eines Durchmessers von mehr als 9 nm (90 Ang- 
strdm) besitzt. 

17. Verfahren nach einem der AnsprOche 12 bis 16, dadurch gekennzeichnet, daB besagter Kataiysar 
45 tor weniger als 10% besagten Porenvolumens in Poren eines Durchmessers von weniger als 5 nm (50 

Angstrdm) besitzt 
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RevendlcaSlons 

50 

1. Proc6d§ pour simultan§ment hydrod^sulfurer, hydrodSsazoter et hydrocraquer de fagon m6nag6e 
une charge hydrocarbonSe, caract§ris6 en ce que Ton met cette charge qui contient des composants 
azotes, des composants sulfurSs et des composants de la charge bouillarrt au-dela de 370°C <700*F) en 
contact avec un catalyseur particulaire comprenant au moins un composant k m6tal d'hydrogenation de 

55 nickel actif, au moins un composant k m6tal d'hydrogenation de molybd&ne actif et au moins un composant 
phosphore sur un oxyde reiractaire, poreux, amorphe, ie catalyseur poss&Jarrt une repartition du caU- 
bre des pores selon laquelle au moins 75% du volume des pores sont formes par des pores dont le dlamd- 
tre fiuctue de 5 & 13 nm (50 angstroms k 130 angstroms) et moins de 1 0% du volume des pores sort formes 
par des pores d'un diametre supSrieur k 1 1 mm (1 1 0 anstrOms), dans des conditions telles que les compo- 

60 sants sulfures pr6cit6s et les composants azotes precis dans ladlte charge hydrocarbonde solent 
converts en composants prodults k teneur r&Juite en soufre et en azote et 10 a 50% en volume des com- 
posants de ladite charge bouillarrt au<lela de 370°C (700°F) solent simuKanSment converts en compo- 
sants produits bouillarrt a ou en dessous de 370°C (700°F). 

2. Proc§d§ suivant la revendicatlon 1, caract£rls§ en ce que les conditions comprennent une presston 
65 partielie d'hydrog&ne inferieure k environ 1 03 bars (1 500 iivres par pouce carrf au manom&tre). 
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3. ProcedS sulvant la revendication 1 ou 2, caracterise en ce que le catalyseur precite possede un 
diametre des pores mode qui varie de 5,5 k 1 0 nm (55 k 1 00 angstroms). 

4. Precede suivant la revendication 3, caracterise en ce que le diametre des pores mode fluctue de 6 
k 9 nm (60 k 90 angstroms). 

5 5. Procede suivant ia revendication 3 ou 4, caracterise en ce qu'au moins 75% du volume des pores 
sont formes par des pores dont le diametre varie de 2 nm (20 angstroms) au-de& du diametre des pores 
mode & 2 nm (20 angstroms) en dessous du diametre des pores mode precite. 

6. Proced§ suivant Tune quelconque des revendications precedentes, caracterise en ce que I'oxyde 
refractaire, poreux, amorphe, precite est constitue de silice, d'aJumine, de silice-alumine, de magnesie, 

10 de silice-magnesie, de zirconie, de siiice-zirconie, d'oxyde de titane ou tftanie, de silice-titanie, ou de slli- 
ce-zirconie-titanie, 

7. Procede suivant Tune quelconque des revendications prececlentes, caracterise en ce que les con- 
ditions precipes engendrent una conversion d'au moins environ 20% en volume desdits composants de 
la charge precites bouillant au-dessus de 370°C (700°F) en composants produits bouillant k ou en des- 

15 sous de 370°C (700°F). 

8. Procede suivant Tune quelconque des revendications precedentes, caractense en ce que le cata- 
lyseur precite contient jusqu'St environ 10% en poids de metal d'hydrogenafion de nickel precite, calculus 
sous forme NiO. 

9. Procecte suivant la revendication 8, caracterise en ce que le catalyseur prScrte contient de 17 a 
20 35% en poids de composants de molybdene precites, calcules sous forme de M0O3 et de 2 k 6% en poids 

des composants de nickel precites, calculus sous forme de NIO. 

10. Procecie suivant Tune quelconque des revendications precedentes, caract§ris6 en ce que le cata- 
lyseur precite contient jusqu'a 30% en poids de composant de metal d'hydrogenation de moiybdene, cal- 
cules sous forme de M0O3. 

25 11. Proc&ie suivant Tune quelconque des revendications precedentes, caracterise en ce que le cata- 
lyseur precite contient de 1 a 6% en poids de composants phosphorus, calculus sous forme de P. 

12. Proc&te pour simurianement hydrodesuffurer, hydrod^sazoter et hydrocraquer de maniere mana- 
ges un gas-oil ou une charge residuelle, contenant des composants azotes, des composants surfures et 
une proportion substantlelle de composants de la charge bouillant en dessous d'environ 595°C 

30 (1 1 00°F), au moins une partie desdits composants de la charge bouillant au-dela de 370°C (700°F), dans 
des conditions de temperature elevee et sous une pression partielle d'hydrogene tnfeneune a environ 
103 bars (1500 livres par pouce carr6 au manometre), avec un catalyseur esserrtiellement consttote de 2 
a 6% en poids d'au moins un composant d'hydrogenation de metal de nickel, calculus sous forme de NIO 
et de 17 k 27% en poids d'au moins un composant d'hydrogenation de melai de molybdene, calculus sous 

35 forme de M0O3 et de 1 a 6% en poids d'au moins un composant phosphore, calcules sous forme de P, sur 
un support constitue de ^-alumine, le catalyseur precite possedant une repartition du calibre des pores 
selon laquelle le diametre des pores mode fluctue de 6 a 9 nm (60 k 90 angstroms) et au moins environ 
75% du volume des pores sont formes par des pores d'un diametre qui varie de 5 k 13 nm (50 angstroms a 
130 angstrdms) et d'environ 2 nm (20 angstroms) au-dessus du diametre des pores mode k environ 2 nm 

40 (20 angstroms) en dessous du diametre des pores mode et moins de 10% du volume des pores precite 
sont formes par des pores d'un diametre superieur k 1 1 nm (1 10 angstrdms), lesdites conditions etant tel- 
les que les composants sulfures precites et les composants azotes precites dans ladite charge de base 
soient convertis en composants produits a teneur reduite en soufre et en azote et de 10 & 50% en volume 
desdits composants de la charge precitee bouillant au dessus de 370°C (700°F) soient simultanement 

45 convertis en composants produits bouillant a ou en-dessous de 370°C (700°F). 

13. Procede suivant la revendication 12, caracterise en ce que de 15 a 35% en volume desdits compo- 
sants de la charge de base bouillant au-dela de 370°C (700°F) sont convertis en composants produits 
bouillant a ou en dessous de 370°C (70O°F). 

14. Proc§d§ suivant la revendication 12 ou 13, caracterise en ce que les conditions precrtees engen- 
50 drent au moins une conversion d'environ 20% en volume des composants de la charge bouillant au-dela 

de 370°C (700°F) en composants produits bouillant k ou en dessous de 370°C (700°F). 

15. Procede suivant la revendication 12, 13 ou 14, caracterise en ce qu'au moins 80% du volume des 
pores precite du catalyseur sont constitues de pores d'un diametre aliant d'environ 2 nm (20 angstroms) 
au-dete du diametre des pores mode a environ 2 nm (20 angstrdms) en-dessous du diametre des pores 

55 mode precite. ^ . , 

16. Proced6 suivant I'une quelconque des revendications 12 615, caractense en ce que moins de 15% 
du volume des pores precite du catalyseur sont formes de pores d'un diametre superieur a 9 nm (90 
angstrdms). , . 

17. ProcedS suivant Tune quelconque des revendications 12 a 16, caractense en ce que moins de 10% 
60 du volume des pores precite du catalyseur sont formes de pores d'un diametre inferieur k 5 nm (50 ang- 
stroms). 
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